Let a particle move in the flat space-time under the action of the electric potential.
due to the existence of a zone with negative energies (generalized ergoregion). In this second case, a black hole is not rotating but the very presence of a black hole for the effect to occur, was essential. In the present work, we draw attention to the fact that the PP in the version of Ref. [8] persists even in the limit when the gravitational constant G → 0 (equivalently, the black hole mass M → 0 and the metric becomes flat)! Alternatively, one can start from the flat space-time from the very beginning.
Another aim of the present work is to investigate the efficiency η of the PP. Near rotating uncharged black holes it is quite modest [7] , [9] , [10] - [12] . However, it was noticed earlier that near charged black holes electromagnetic interaction favours PP [13] , [14] . Moreover, it was shown in [15] that in the collisional version of the PP η can grow without bound (in the test particle approximation). This is the so-called super-Penrose process (SPP). This result was obtained in the situation when the energy E c.m. in the centre of mass frame of two particles also grows without bound [16] that represents a counterpart of the Bañados-Silk-West (BSW) effect found for rotating black holes [17] . In the present work, I show that SPP is also possible in the situation when E c.m. is finite and a black hole is absent at all.
It is worth stressing that, in spite of similarities between the rotating and charged versions of the effects under discussion, there is also big difference between them. The point is that for the rotating black hole case SPP is impossible (see [18] and references therein). It is possible near another strongly gravitating objects such as naked singularities [19] , [20] or wormholes [21] . But we will see for the charged case it is not only possible but this happens even in the flat space-time.
Thus I make accent on two properties of the effect under discussion that were absent in the rotating case: (i) the existence of the flat space-time limit of PP in the black hole background, (ii) the existence of the SPP with a finite E c.m.
Let us consider radial motion of a particle with a mass m and electric charge q in the flat space-time in the electric potential ϕ. Then, the equations of motion read
where
dot denotes derivative with respect to the proper time τ . We assume that ϕ ≥ 0. In the static situation, the natural gauge freedom reduces to the choice of the constant in ϕ.
However, the energy can be shifted to the same constant, so X remains gauge-invariant. We imply that at infinity ϕ → 0, E → m √ 1−V 2 , where V is the velocity (the speed of light c = 1). The quantity X > 0 due to the forward-in-time conditionṫ > 0. Let particle 0 move from large r towards the centre and decays in some point r = r 0 to particles 1 and 2. Then, it follows from the conservation laws that
where σ 1,2 = ±1 depending on the direction of motion. It follows from (5) and (6) that
We assume that particle 2 continues to move towards the center whereas particle 1 returns to infinity, so σ 2 = −1, σ 1 = +1. It is supposed that masses and charged are fixed. Then, we have one equation for unknown X 1 :
Here, all quantities are taken in the point r 0 . In general, new particles 1 and 2 interact with each other due to the electric forces. To avoid considering this effect that would obscure the essence of matter, let us assume that one of particle is neutral, q 1 = 0. Then, q 2 = q 0 .
As we want to have E 2 < 0, the positivity of X 2 requires q 0 = − |q 0 | < 0 . Then, X 0 > E 0 .
After some algebraic manipulations, one finds from (7) that
where B = m 
It is essential that E 1 remains finite separated from zero.
The efficiency of the process
The condition η > 1 with (11) taken into account requires
Eq. (13) is satisfied in one of two cases: either
(One more case E 0 ≥ m 1 , b > b + cannot be realized since it would require b + < m 
grows ubounded.
There is also another option. In the above expressions it was implied that E 0 remained nonzero in spite of m 0 → 0. This can happen if the velocity V → 1 simultaneously with m 0 → 0. However, if V < 1, then E 0 ∼ m 0 → 0. In doing so, X 0 → |q 0 | ϕ(r 0 ). Meanwhile,
grows unbounded. Roughly speaking, high η can be obtained due to a big numerator or small denominator. Usually, for rotating space-times, the first case is discussed. But now it is the second case which is relevant.
Thus not only we can gain access of energy in this process but this gain becomes formally unbounded, so we are faced with the super-Penrose process. In doing so, particle 2 falls in the center while particle 1 returns to infinity.
This essentially requires the possibility of having negative energies. The boundary E 2 = 0 of the corresponding region lies at r erg , that is obtained by inserting E = 0 into Z = 0. If the potential is due the charge Q > 0, ϕ = Q r and
It is clear form the derivation that this process occurs also for any regular curved space-time, say in the black hole background. Then, instead of (4), we would have
Thus, decay in an intermediate point with N ∼ 1 would give qualitatively the same result. It completely agrees with that of [8] . According to eq. (6) of [8] , the boundary of the region with possible E ≤ 0 is given for radial motion by the expression
where N is the lapse function of the Reissner-Nordström metric. In the flat space-time limit, N → 1, and we return to (19) . Meanwhile, it is worth stressing that not only the PP is possible for the decay with r < r erg as pointed out in [8] but also the SPP.
In general, there are several versions of related but different effects that show some similarities but do not coincide. This group contains (i) the Schwinger effect of pair creation [23] , (ii) the "classical" PP near rotating black holes, (iii) amplification of waves by a cylinder, (iv) the PP and SPP near charged nonrotating black holes.
The process under discussion to some extent resembles process (i) but there are also differences here. The Schwinger effect effects is purely quantum and does not exist in the classical limit. It is also nonlocal since there is a minimum separation l min between the electron and positron created in the electric field E, l min = |e|E 2m
, |e| is the value of the electron charge. The initial state is vacuum, but in our example there is a particle with nonzero q 0 initially. The results obtained in the present work admit straightforward generalization to the collisional version whereas it makes no sense for the Schwinger effect.
In case (ii) the efficiency of the process is essentially restricted. The collisional version improves the situation but anyway η remains bounded (see [7] , [18] and references therein).
Meanwhile, now it remains unbounded. Process (iii) is possible in the flat space-time [2] , [3] as well as the present one but physical sources are different. In this sense, relation between
(ii) and the present work to some extent resembles the relation between [1] and [8] . The SPP near charged nonrotating black holes was already pointed out in [15] (confirmed in [22] ).
But it was essential that in the aforementioned works that the energy in the centre of mass E c.m. grew unbounded. Meanwhile, now E c.m. remains finite.
Thus we see that in spite of some more or less closed similarities, we deal with different effects. And, it is interesting by itself that we obtained the PP and SPP processes in the flat space-time from a black hole perspective, taking the flat limit of the previously known effect [8] .
